Introduction
Many risk factors for a first myocardial infarction are reported. It is well established that a series of factors related to the size of the index infarction and reduction of myocardial contractility are related to deteriorated prognosis after a myocardial infarction [1] . Other factors associated with worse prognosis are presence of angina pectoris [2, 3] , ventricular arrhythmias [4] as well as some factors known to increase the risk of a first myocardial infarction such as blood glucose level and diabetes [5] [6] [7] , smoking habits after the infarction [8] , hypertension [2, 6, 9, 10] and increased total cholesterol [6, 11, 12] . The Scandinavian Simvastatin Survival Study (4S) is based upon a unique patient sample because a large number of Scandinavian patients with coronary heart disease (previous myocardial infarction or angina pectoris) and high serum total cholesterol levels were recruited with a standard collection of entry variables as well as careful follow-up and analysis of several lipid variables. In addition to the main report [13] there have been reports of prognosis in relation to age and gender [14] , lipids and lipoproteins at baseline and during the trial [12, 15, 16] , and prognosis in the subgroup with diabetes or elevated fasting plasma glucose levels [17, 18] . The above mentioned reports dealt with men and women who had suffered a myocardial infarction, as well as those who were included in the study with angina pectoris but no myocardial infarction. Prognostic factors may differ between men and women as well as between angina and myocardial infarction patients.
The aim of the present paper was to evaluate the prognostic importance of clinical findings together with lipid variables in those 4S patients whose qualifying diagnosis was myocardial infarction. Another aim was to analyse the relative and absolute benefit of simvastatin treatment in patients with predicted low, medium and high risk. We decided to concentrate our study on patients with myocardial infarction, because the majority of 4S patients (79%) were recruited with this qualifying diagnosis. Furthermore, this study deals mainly with male patients with myocardial infarction, because more women than men entered the study without previous myocardial infarction. Therefore, the number of female patients with myocardial infarction available for prospective analysis was small. With regard to clinical baseline variables it has to be noted that standardized measurements of ejection fraction (or other measures related to infarct size) or information about the presence of ventricular arrhythmias, were not available in the 4S, because many patients were recruited from general practice and at varying intervals from the index infarction. At variance from previous reports from the 4S, we excluded silent myocardial infarctions (detected on the basis of annual ECGs only) as a coronary event end-point, because this end-point is not systematically evaluated in usual clinical practice.
Patients
4S was a double-blind, randomized, placebo-controlled, multicentre clinical trial of long-term simvastatin or matching placebo therapy in patients with coronary heart disease. The design of the trial and the main findings on mortality, morbidity, and long-term safety have been described previously [12, 13, 16, 19] . The patients were men and women 35-70 years old (mean 58·7 years) with a history of myocardial infarction or angina pectoris. These patients were identified from hospital records and, if they did not have any of the exclusion criteria, they were then invited to a screening visit. As described in the 4S main report [13] and presented in previous publications, there were certain cardiological exclusion criteria such as myocardial infarction during the preceding 6 months, unstable angina pectoris, planned coronary bypass surgery or angioplasty, congestive heart failure requiring drug treatment, and arrhythmias requiring therapy, that led to exclusion of a relatively large number of patients. Patients with reduced life expectancy due to other serious diseases were also excluded. Thus, the prognosis of the 4S patients was somewhat better than for an unselected population of coronary patients.
For them to qualify for randomization, their serum total cholesterol had to be between 5·5 and 8·0 mmol . l 1 (213-310 mg . dl 1 ) and serum triglyceride levels c2·5 mmol . l 1 (220 mg . dl 1 ), after dietary advice 2 months previously. Due to these lipid inclusion criteria, the 4S population had truncated serum total cholesterol and triglyceride distributions, resulting in a somewhat higher mean cholesterol level and somewhat lower mean triglycerides than those for an unselected coronary patient population.
Patients were randomized to placebo or simvastatin 20 mg . day 1 , with titration to 40 mg simvastatin at 12 or 24 weeks in patients who did not reach the study target of a serum total cholesterol of 3·0 to 5·2 mmol . l 1 (116-201 mg . dl 1 ) after 6 to 18 weeks. Clinic visits with lipid determination took place at 6 and 18 weeks and at 6 months, and thereafter every 6 months. All patients were accounted for at the end of the study. Medium follow-up time was 5·4 years (range 4·9 to 6·3 years). The number of men and women in the overall 4S cohort and the number of those with a previous myocardial infarction as the qualifying diagnosis randomized to placebo and simvastatin is shown in Table 1 .
Methods
Age, sex, smoking at baseline, history of hypertension, history of intermittent claudication, diabetes, transitory ischaemic attacks, previous PTCA/CABG were evaluated according to a pre-defined questionnaire. Presence of major Q waves in the baseline ECG was also assessed.
The following baseline variables were measured: body mass index, systolic and diastolic blood pressure, heart rate, total serum cholesterol, serum triglycerides, HDL-cholesterol, LDL-cholesterol, apolipoprotein-A1, apolipoprotein-B, as well as lipoprotein(a) and fasting plasma glucose. The baseline variables of lipids and apolipoproteins are means of two measurements from serum collected about 2 months after dietary advice, the first at the beginning of the single blind placebo period and the second 2 weeks later, on the day of randomization, except for apolipoprotein-A1, apolipoprotein-B and lipoprotein(a), which were measured only at randomization. Lipids measured according to the same protocol 1 year after baseline were also included in the present analyses.
Blood samples were collected after 12 to 14 h of fasting and left to coagulate for 1 to 2 h at room temperature. Serum was separated by centrifugation and divided into three aliquots. One tube was shipped unfrozen to the Central Laboratory the same day to be analysed for total cholesterol, and the two other tubes were frozen immediately at 20 C. The frozen serum was shipped in batches in isolated containers with dry ice to the Central Laboratory to be analysed within 3 months. Cholesterol and triglycerides were measured enzymatically by the method of Boehringer-Ingelheim. HDL-cholesterol was measured after precipitation of apolipoprotein-B containing lipoproteins by heparinMnCl. LDL-cholesterol was calculated according to the Friedewald formula. Serum apolipoprotein-A1 and apolipoprotein-B were measured by immunoturbidometry by test kits with antisera and standards from Orion. Lipoprotein(a) measurements were conducted with a commercially available test kit for radio-immunoassay (Irma, Pharmacia Diagnostics, Uppsala). Details of this, as well as other analyses, have been published previously [15, 16] . Plasma or blood glucose measurements were performed in local laboratories, converting for data analyses blood glucose to plasma glucose, as described elsewhere [18] .
End-points
All end-points were classified by an independent endpoint classification committee. The primary study endpoint of the 4S was death from any cause. The secondary end-point was major coronary events which comprised coronary deaths, definite or probable hospital-verified non-fatal infarction, resuscitated cardiac arrest, and definite silent myocardial infarction verified by annual ECGs. In the present paper, silent myocardial infarction was, however, not included as an end-point. Major coronary events, as defined above but excluding silent myocardial infarction, are referred to as coronary events in the present paper. Only the first end-point event was included in the analysis. Among male patients with myocardial infarction as the qualifying diagnosis, there were 431 coronary events in the placebo group and 276 in the simvastatin group, respectively. The corresponding number of coronary events among female patients with myocardial infarction as the qualifying diagnosis was 56 and 37, respectively.
Statistical methods
The relationships between baseline variables and coronary events were first assessed individually for each baseline variable among men because of the low number of women with myocardial infarction (Table 1) . Logistic regression was used to compare the proportions of patients with coronary events among the values of categorical variables. Continuous variables were considered in univariate analyses by tertiles using cut-off points defined for the entire patient series. Multivariate statistical analyses were performed using the original continuous variables. A Cox proportional hazard model with backward elimination was used to find a basic set of predictor variables. A 0·05 criterion for retention in the model was used. The following baseline variables were included in the initial models: age, angina, hypertension, claudication, diabetes, smoking status, body mass index, systolic blood pressure, diastolic blood pressure, heart rate, time since first myocardial infarction, number of previous myocardial infarctions, total cholesterol, triglycerides, HDL, LDL, lipoprotein(a) and fasting plasma glucose. A small number of patients had missing data for one or more of the continuous variables. When this occurred, in order to keep the patient in the analysis, the missing value was estimated by the median value of all patients of the same age and sex. Based upon the regression coefficients obtained from the proportional hazard model (Table 3) for the placebo group, estimated risks for patients in both treatment groups were calculated. The estimated risks were then ranked and divided into thirds to form the low, medium, and high risk groups. All significance tests were two-sided with alpha=0·05. Table 2 gives number and percent of baseline discrete characteristics and tertiles of continuous variables as well as number and percent with coronary events, relative risks (95% CI) in relation to the group with lowest event rate (=1·0) in male infarct patients in the placebo and simvastatin groups, respectively. The analysis summarised in Table 2 was intended to show the relationship of various baseline variables without adjustment for anything else. The purpose of the paper was to show which of these were independent risk factors. As seen in Table 2 the relationship of age with the risk of coronary events was different in the placebo and simvastatin groups. Furthermore, adjustment for age had no material effect on the results. Age is included in the multivariate analyses in Tables 3 and 4 . In both the placebo and simvastatin groups there were higher endpoint rates among men with longer time from their index myocardial infarction to inclusion into the trial as well as among men with more than one myocardial infarction. Presence of a Q wave in the baseline ECG was not associated with worse prognosis. Chest pain at lower levels of exertion was associated with worse outcome in both the placebo and simvastatin groups. Outcome was not related to family history of myocardial infarction. History of previously diagnosed diabetes and elevated fasting plasma glucose were associated with worse prognosis in the placebo group but not in the simvastatin group. Patients with hypertension had a worse prognosis in both the placebo and the simvastatin groups. 
Results
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Intermittent claudication as well as transitory ischaemic attacks prior to inclusion were associated with worse prognosis only in the simvastatin group (for transitory ischaemic attacks in the placebo group: P=0·090).
Smokers had significantly more coronary events compared to non-smokers in the simvastatin group, and in the placebo group it was close to significance (P=0·07). When the analyses were repeated combining the two treatment groups these clinical criteria were all significant predictors. Prognosis was not related to prior PTCA or CABG in the two groups or in the combined groups.
Older patients had a significantly higher end-point incidence in the simvastatin group only. There was no significant association with body mass index, systolic or diastolic blood pressure in either group. A positive association between heart rate and end-point incidence was almost significant (placebo; P=0·06, simvastatin; P=0·07).
Among the lipid variables, high total cholesterol and triglycerides were significantly associated with higher end-point rate in the placebo group. Worse outcome was not significantly associated with higher LDL level (placebo; P=0·062, simvastatin; P=0·059) or low HDL level (placebo and simvastatin; P=0·08). Incidence was not significantly related to low apolipoprotein-A 1 in the simvastatin group (P=0·064). Worse outcome was significantly associated with high apolipoprotein-B in the simvastatin group (P=0·03), but not in the placebo group (P=0·08). Lipoprotein(a) was neither significantly associated with outcome in the simvastatin group (P=0·10) nor in the placebo group (P=0·11).
Multivariate regression analyses aiming to identify independent predictors of coronary events in the placebo group were carried out entering into the Cox models variables listed in the 'Statistical methods' section. Because of the associations between various lipids such as total cholesterol and LDL-cholesterol, etc. lipids were included, alternatively excluding other lipids that might affect the outcome. In general, all analyses came out with hypertension, diabetes and smoking after myocardial infarction as significantly associated with postinfarction coronary events (Table 3) . Total serum cholesterol was also significant whereas HDL-cholesterol was close to significant (P=0·062). If LDL-cholesterol, HDL-cholesterol, triglycerides or lipoprotein(a) were included as single lipid variables none of them was significant. When the multivariate analysis shown in Table 3 was done, entering LDL-cholesterol instead of total cholesterol, the coefficient for LDL-cholesterol was 0·131 (P=0·078). Using the risk factors identified in Table 3 as covariates, the risk of coronary events in males with prior myocardial infarction was reduced 40% in the simvastatin group (95% CI 30% to 48%, P<0·001). Table 5 gives incidence of events among men in tertiles of predicted low, median and high risk, relative and absolute benefit of simvastatin treatment as well as the number of men needed to treat based upon Kaplan-Meier 6-year survival estimate. It is evident that the relative benefit is similar in the different tertiles of predicted risk, whereas the absolute benefit doubles from the lowest to the highest tertile of predicted risk. If only lipid variables were used in the stratification into low, medium and high risk tertiles, the difference in the Kaplan-Meier 6-year estimate (95% CI) of survival without coronary event Placebo 0·773 (0·735, 0·812) 0·713 (0·672, 0·755) 0·596 (0·543, 0·649) Simvastatin 0·852 (0·821, 0·884) 0·808 (0·772, 0·845) 0·758 (0·713, 0·803) Absolute benefit per 100 pts (95% CI) during 6 years 7·9 (2·9, 12·9) 9·5 (4·0, 15·0) 16·2 (9·2, 23·1) Number needed to treat (95% CI) during 6 years 13 (8, 34) 11 (7, 25) 6 (4, 11) predicted risk, and consequently differences in absolute benefits of simvastatin treatment were much smaller than those obtained, including also clinical variables. Thus, using baseline total cholesterol alone, the absolute benefit of simvastatin treatment per 100 patients during 6 years in the low, medium and high tertile was 9·8 (95% CI 4·4, 15·2), 10·9 (95% CI 4·8, 16·9), and 13·3 (95% CI 7·4, 19·2), respectively. Table 4 includes those variables that were significant or close to significant in multivariate analysis when 1-year lipid levels in the simvastatin group were used instead of baseline lipids. Age, hypertension, claudication, total cholesterol, HDL-cholesterol, lipoprotein(a) were significant, and smoking was almost significant (P=0·052). Results were similar if LDL-cholesterol was exchanged for total cholesterol.
The same type of analysis using 1-year lipid levels was performed in the placebo group. Only hypertension and diabetes were significantly associated with outcome, but the lipid variables were not.
The female myocardial infarction patients were analysed regarding prognosis in the same way as men. In the placebo group hypertension (P=0·01) and chest pain at lower levels of exertion (P=0·04) were significantly associated with end-points. In multivariate analysis only hypertension was significantly associated with endpoints in women (P=0·01). In the simvastatin group, there were no significant associations in univariate analysis, but the trends did not differ from those among men.
Discussion
There were some selections in the present paper because patients with impending high mortality risk were excluded as were those with total cholesterol levels below 5·5 mmol . l 1 and above 8·0 mmol . l 1 This is because the study wished to avoid randomizing patients with a low cholesterol level to a lipid lowering drug and similarly placebo treatment to patients with high cholesterol levels. Therefore, the 4S population most probably had a lower than usual immediate mortality risk and a narrower than usual distribution of lipid levels. Nevertheless there were still relationships as presented above.
The present analyses differ from those previously published from the 4S trial because only patients with a previous myocardial infarction as a qualifying diagnosis were included. Furthermore, in contrast to previous reports, silent myocardial infarctions were not included as an end-point. Only patients who had suffered their myocardial infarctions more than 6 months before were recruited into the 4S study in order to avoid early mortality due to myocardial factors that were not expected to be affected by lipid-lowering therapy. Patients randomized more than 5 years after their index infarction turned out to have the highest end-point incidence. This finding is probably not explained by their older age, because there was no consistent relationship with age in the placebo group or in the two groups combined. However, it may be due to survival bias, because myocardial infarction patients with worse early prognosis may have died earlier after their index infarction and were not included in this study. Thus, patients who had survived for more than 5 years after their myocardial infarction may represent a subgroup with postponed manifestations of coronary events.
In accordance with several previous studies, coronary events were more common among patients who had had more than one infarction, had a history of hypertension and among those who continued to smoke after their index infarct. Recently, results from the Framingham study, including patients who entered the study with myocardial infarction, angina pectoris and coronary insufficiency (211 men and 160 women) were reported [20] . Their findings were similar regarding diabetes, smoking, and high systolic blood pressure as significant predictors among men and women. The log transformed ratio between total cholesterol and HDLcholesterol was also significant. These results again indicate the importance of clinical variables in determining prognosis after an infarction. In accordance with several previous studies, univariate analyses of our data showed that the risk of coronary events was increased among patients with multiple infarctions, those with a history of hypertension and those who continued to smoke after their infarction. A history of diabetes and elevated fasting glucose had in univariate analyses a strong negative influence on prognosis in the placebo group and in the combined treatment groups but not in the simvastatin group. However, in multivariate analyses, adjusting for the impact of other factors, history of diabetes was a statistically significant independent predictor of the risk of coronary events in both the placebo group and the simvastatin group, although its predictive value was stronger in the placebo group. Fasting glucose level did not, however, come out as an independent risk predictor in multivariate models which included the history of diabetes. The prevalence of diabetes among the 4S patients was only 4·4%, much lower than the about 20% prevalence usually observed among unselected male post-infarction patients [21] . This low prevalence is explained mainly by the exclusion of patients with triglycerides >2·5 mmol . l 1 , but also by the cardiological exclusion criteria, because diabetic patients more often have severe cardiovascular complications than non-diabetic patients.
A history of claudication, and similarly, a history of transitory ischaemic attacks had a statistically significant adverse influence on prognosis in the simvastatin group only. The difference in outcome between the two treatment groups in relation to these clinical variables might be due to small numbers. When the analyses were repeated in the two treatment groups together these clinical criteria were significantly associated with end-points.
Regarding continuous variables, higher age, as expected, was associated with worse prognosis only in the simvastatin group and with an increase in risk ratio
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of only 2·2% per year. High body mass index, which is a risk factor for a first myocardial infarction, was not related to worse prognosis which is compatible with earlier reports on post-infarction prognosis [22, 23] . As mentioned above, a history of hypertension before the infarction denoted worse prognosis, but blood pressure measured after the infarction did not. The latter finding may be due to differences in measurement of blood pressure between centres, but may also be a real finding. It is well known that blood pressure falls with a myocardial infarction, and the amount of decline in blood pressure is related to infarct size and to prognosis [24] . Thus, there may well be a mixture of blood pressure findings post myocardial infarction. Patients entered the study at varying times after the index infarction; some patients may have returned to their pre-infarction blood pressures, others still being below their pre-infarction levels.
Other studies have demonstrated a positive relationship between heart rate and the risk of coronary events in post-infarct patients [25, 26] . In our study this association did not quite reach the level of statistical significance. The reason may be the varying inclusion times after the index infarction, and loss of patients who died before inclusion, but also treatment with beta-adrenergic blockers given to 57% of the patients.
High serum total cholesterol and triglycerides were associated with higher rates of coronary events in the placebo group only, whereas LDL-cholesterol, HDLcholesterol and lipoprotein(a) had borderline significance in the univariate analyses in any groups and HDL-cholesterol in the multivariate analysis (Table 3) . While these findings have the same directional relationship, the strengths of the relationships are different from previously reported results with regard to several lipid variables in this study [12, 15, 16] . Possible explanations for these differences are the different patient populations and end-points -in the present study only male infarct patients were included (prognosis in angina patients may be more strongly related to lipids) -and the smaller sample size in this subgroup.
In the placebo group, the beta-coefficient for serum total cholesterol was 0·168, corresponding to an approximately 17% increase in risk with 1 mmol . l 1 increase in serum cholesterol. This is similar to the beta-coefficient found in prospective studies in post myocardial infarction patients [2, 6] but smaller than those found in prospective population studies; from 0·151 to 0·316, median 0·270, for a 1 mmol increase in total cholesterol [27] . In a prospective study including healthy men, men with angina pectoris, and post-infarction patients, relative risks (95% CI) were 1·29 (1·19, 1·39), 1·34 (1·13, 1·60) and 1·12 (0·94, 1·35), respectively [28] , which confirms the smaller relative risk in postinfarction patients than in the healthy population.
It is noteworthy that in the simvastatin group, serum total cholesterol and LDL cholesterol measured after the first year of simvastatin therapy showed a strong association with the risk of coronary events. This association was even stronger than that observed between these lipid variables and the risk in the placebo group, the betacoefficient for serum total cholesterol being 0·263. Because in this analysis, patients with coronary events within the first year were excluded, this may have led to bias with removal of patients whose events were unrelated to lipid levels. This would leave to further follow-up preferentially patients whose risk was more strongly dependent on cholesterol. Furthermore, it is possible that during the subsequent trial years, patients who did not respond to simvastatin treatment with a good reduction in cholesterol level were at increased risk, leading to a steepening of the relationship between cholesterol and risk. Our results showed that in the simvastatin group a number of demographic and clinical variables, including age, hypertension, claudication and smoking (close to significance) were associated with risk of coronary events (Table 4) .
It was also demonstrated that the relative benefit of cholesterol-lowering treatment with simvastatin was similar in post-infarct patients with low, medium and high risk, using tertiles of multivariate risk for stratification including hypertension, diabetes, smoking, total cholesterol and HDL cholesterol. Importantly, however, the absolute benefit of simvastatin treatment doubled from the lowest to the highest tertile of risk. Consequently, the number of men needed to treat for 6 years to save one major coronary event was 13 in the lowest and 6 in the highest risk tertile.
